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Introduction
Identifying the determinants of happiness is not only important for improving human welfare, but also provides insight into factors that affect health and longevity. The recognition of these determinants and the implementation of appropriate measures may lead to elevated health statuses, increased life expectancy, and lower medical expenses.
Previous studies on the determinants of happiness have mainly focused on demographic and socioeconomic status (SES) factors, health status, longevity, health insurance, and social support. Among these factors, happiness has been reported to be associated with high income and high education levels [1] [2] [3] [4] , self-perceived health and longevity [5] [6] [7] [8] [9] , health insurance coverage and access to medical care [10, 11] , and robust social support systems [12, 13] . However, few studies have examined the relationship between happiness and pensions [14, 15] . Furthermore, those studies have generally focused on participation in pension systems or coverage, and little is known about the association between pension types and happiness. In this study, as determinants of happiness in older adults, we emphasized income (about 70% of which is pension for Japanese older adults) and health (especially mental health, such as depression, as it affects all aspects of life) [16] . Depressive symptoms were shown to be associated with low happiness [17, 18] . In particular, income has become increasingly important for retirees and the elderly. Data from a panel of retirees aged 51-61 in the United States (Health and Retirement Study: HRS), Bender (2004) showed that voluntary retirement, total revenues (including pensions), and health affect satisfaction following retirement [19] , and Panis (2003) found that better health and higher income contribute to greater happiness, with pension annuities increasing this sense of happiness and reducing depression [20] . We posited that pension types would be associated with happiness because these may be indicative of SES and depressive symptoms across a person's course of life in Japan.
As lifespans continue to increase, older adults who rely solely on personal savings for living expenses face an increased risk of exhausting their funds during their lifetimes. Because Japanese public pensions offer pension benefits for the entirety of a person's life, individuals with higher pension benefits may have a stronger sense of financial security in their old age. In this way, pension types may influence old-age poverty, economic anxiety, and depression. In Japanese older adults, pension benefits account for an average of 70% of total income [21] , and 89% of Japanese 65-to 69-year-olds received pension benefits in 2012 [22] . In addition, older persons with high pensions generally receive more than three times the pension benefits as older people with low pensions. It is therefore possible that pension types are indicative of income disparities in older age. By focusing on pension types, we may be able to ascertain not only income level and working status in each subject's active working period, but also their post-retirement income level. The purpose of this study was to examine the association between pension types and happiness in Japanese older people.
Methods

Study design and population
This study used data obtained from the Japan Gerontological Evaluation Study (JAGES) project, which is an on-going prospective multi-wave cohort study that began in 2003. Data from 2013 were utilized for this analysis. The participants of the JAGES project comprise Japanese older adults aged 65 years or older who have not been certified as needing long-term care services. Using a questionnaire-based survey, the JAGES project asks participants about factors associated with health status and its determinants in older age; these factors include health status, depression, happiness, SES, and social capital [23, 24] . Explanations of the study and the self-reported questionnaire were sent by mail to the residents. They were informed that participation was voluntary and that returning the self-administered questionnaire would be interpreted as implying consent.
The JAGES survey in 2013 sent questionnaires to 193,694 Japanese older adults from 30 municipalities. Participating municipalities and individuals were those who had previously agreed to participate in the JAGES Survey. Responses were collected from 137,736 respondents (response rate: 71.1%). From these respondents, 7996individuals were excluded because of missing data in age and sex. Another 9588 individuals were excluded because they had failed to provide information on pension types or happiness. Thus, with a final sample size for analysis of 120,152 subjects, our overall coverage rate was 62.0%.
Dependent variable
Previous studies have generally measured subjective well-being using a single question such as, "Taking all things together, would you say that you are very happy, pretty happy, not too happy, or not happy at all?". It has been shown that single-item measures of subjective wellbeing have moderate reliability [25] [26] [27] . In this study, we measured self-perceived happiness through the following question: "How would you rate your overall happiness level on a tenpoint scale of one (very unhappy) to ten (very happy)?". This scale was employed because it is the JAGES study's sole measure of self-perceived happiness.
Based on this happiness scale, we constructed a binary variable of happiness to use as the dependent variable in Poisson regression analyses. Happiness was defined as a self-rated score of 7 to 10 points, and unhappiness was defined as a score of 1 to 6 points. This cut-off point was determined using a previously conducted survey that found that the average happiness score in Japanese older people was 6 points [28] .
Pension types
Japanese pension systems can be categorized into three main types according to differences in occupation and working status between the ages of 20 to 60 years. These three pension types are the "National Pension Plan", "Employees' Pension and Mutual-Aid Society Pension Plan", and "Corporate Pension Plan"; for simplicity, these are referred to as "NA Pension", "EM Pension", and "CP Pension", respectively. People who did not participate in any pension plan or did not pay pension fees between the ages of 20 to 60 years do not receive any pension benefits in old age.
The pension types are determined by working-age occupation and employment type across a person's life in Japan, and are therefore indicative of working-age income levels. NA Pension is the basic pension plan for all pension beneficiaries, and constitutes the first pension pillar in Japan. Beneficiaries who receive only NA Pension benefits are the self-employed, non-regular workers, and the unemployed. EM Pension represents the second pension pillar. The beneficiaries of EM Pension had generally worked as regular employees in small and mediumsized businesses or as civil servants, and receive both NA Pension and EM Pension benefits. The beneficiaries of CP Pension, which is the third pension pillar, receive CP Pension benefits in addition to NA Pension and EM Pension benefits. These beneficiaries had generally worked as regular employees in large corporations, and their pension benefits are the highest among the three pension types. The mean amounts of pension benefits received are, in decreasing order, CP Pension (>0.15 million Japanese yen), EM Pension (approximately 0.15 million Japanese yen), and NA Pension (approximately 0.05 million Japanese yen). Because pension benefits account for approximately 70% of all income for Japanese older people, pension types are a major contributing factor to an individual's economic status.
Geriatric Depression Scale
Similar to Sun et al (2016) and Graham et al (2011) , we considered depression as one dimension for assessing quality of life related to health. To assess depressive symptoms in older adults, we used the Japanese version of the 15-item Geriatric Depression Scale (GDS) [29] . The GDS score ranges from 0 to 15, with higher scores indicating more severe symptoms. The correlation between happiness in our 10-point scale and the 15-point GDS scale was -0.584. Although this correlation was fairly high, as it failed to achieve -0.7 and as happiness did not equal GDS, we included GDS as a control variable.
We used a score of 5 and 10 as cut-off values for moderate and severe depression, respectively, in accordance with the results of a previous validation study conducted in Japan. [29] Covariates Demographic variables included sex, age, and marital status. Age was categorized into the following four categories: 65-69 years, 70-79 years, 80-89 years, and !90 years. Marital status was categorized into married, widowed, divorced, never married, and others. SES indicators included equivalent income (<2.00 million yen, 2.00-3.99 million yen, and !4.00 million yen) [30] [31] [32] , wealth (<0.50 million yen, 0.50-0.99 million yen, 1.00-4.99 million yen, 5.00-9.99 million yen, 10.00-49.99 million yen, and !50.00 million yen), education level ( 9 years, 10-12 years, and !13 years of formal education), and working status (currently working, retired, or never worked). Equivalent income was defined as the income divided by square of number of household members. Occupation was grouped into specialist/technician/manager, clerical worker/sales/service jobs, labor, agriculture/forestry or fisheries, self-employed, other and unemployed. Social support was analyzed as the receipt or provision of emotional support and instrumental support.
Statistical analysis
Because the prevalence of unhappiness was 32.4% (greater than 10%), odds ratios with logistic regression would tend to be overestimated [33] . We therefore performed Poisson regression analyses with robust variance estimators to calculate the adjusted prevalence ratios (PRs) and 95% confidence intervals (CIs) of happiness for the different pension types after controlling for sex, age, marital status, SES, GDS, and social support [34, 35] Subjects who did not provide information on the independent variables (except for pension type) were assigned to missing data categories. The outcome variable of happiness was analyzed as a binary variable (happy: score of 7 to 10; unhappy: 1 to 6).
We constructed three models with an increasing number of covariates. In Model 1, we examined the associations between pension types and happiness after controlling for sex, age, marital status, and social support. In Model 2, we also included the SES indicators (equivalent income, wealth, education level, working status, and occupation) to clarify whether the associations between pension types and happiness remained consistent even after controlling for these factors. In Model 3, we further included depressive symptoms to examine if depression functioned as a mediating variable. All statistical analyses were performed using SPSS version 24.0 software.
Ethics approval
Approval for this study was obtained from the Ethics Committee of Nihon Fukushi University and the Ethics Committee of Kyoto University Graduate School of Medicine. Table 1 shows the subjects' characteristics. Of the 120152 subjects, 46.9% were men. The mean (standard deviation) age was 73.9 years (6.2). Approximately 67.6% of the sample perceived themselves as being happy (happiness score !7). Regarding the pension types, the proportions of individuals with no pension (zero benefits), NA Pension benefits (low), EM Pension benefits (moderate) and CP Pension benefits (high) were 1.4%, 29.4%, 58.3% and 10.9%, respectively. Of the subjects, 62.0%, 16.3% and 5.5% reported having no depression (GDS <5), moderate depression (5 GDS < 10) and severe depression (GDS !10), respectively. The mean happiness score was 7.3 (standard deviation: 1.9).
Results
The JAGES dataset is not a representative sample of elderly people in Japan, so to validate it for use in this study, we compared the values for each of the variables, age, sex, and wealth, with corresponding values from representative samples of elderly people throughout Japan. It was indicated that the values for these variables from our sample corresponded well with those of representative samples [36, 37] . Table 2 shows the differences in SES, depressive symptoms, and happiness according to pension type. Among the subjects with high CP Pension benefits, there were higher proportions of individuals who were happy. These individuals also tended to have a higher equivalent income (!4.00 million yen), higher education level (!13 years of formal education), and no depression. Table 3 shows the results of the Poisson regression analyses. In Model 1 (which controlled for sex, age, marital status, and social support), there were significant associations between pension types and happiness. Compared to subjects with high CP Pension benefits, the PRs (95% CI) of happiness for subjects with no pension, low NA Pension benefits, and moderate EM Pension benefits were 0.67 (0.64-0.71), 0.88 (0.87-0.89), and 0.92 (0.91-0.93), respectively. In Model 2 (which also included the SES indicators), the PRs (95% CI) of happiness for subjects with no pension, low NA Pension benefits, and moderate EM Pension benefits were 0.77 (0.73-0.81), 0.95 (0.94-0.97), and 0.98 (0.97-0.99), respectively. Although the associations between pension types and happiness had attenuated slightly in Model 2, they remained significant even after adjusting for the SES indicators. Finally, in Model 3 (which further adjusted for depressive symptoms), the PRs (95% CI) of happiness for subjects with no pension, low NA Pension benefits, and moderate EM Pension benefits were 0.85 (0.81-0.89), 0.99 (0.97-1.00,) and 0.99 (0.98-1.00), respectively. The low and moderate pension types were no longer significantly associated with happiness.
In the ordinary least-squares method (ranging from 1 to 10 points), pension types were associated with happiness; this association, however, was weakened by adjusting for GDS.; this association, however, is weakened by adjusting for GDS. Furthermore, the results were robust even if the effects of pension types were allowed by an intersection term with a dummy variable of retirement. 
Discussion
To the best of our knowledge, this is the first study to examine the relationship between pension types and happiness using data from a large-scale study. Using JAGES project data from 2013, we found that the higher pension types were associated with higher levels of happiness. The associations remained significant even after adjusting for SES, but lost their significance after including depressive symptoms as a covariate. The associations between pension types and happiness were in accordance with expectations, as pension types with higher benefits may be indicative of higher SES during both Abbreviations: GDS, Geriatric Depression Scale; SES, socioeconomic status.
https://doi.org/10.1371/journal.pone.0197423.t002 Table 3 . Adjusted prevalence ratios with 95% confidence intervals for happiness in Japanese older adults derived from Poisson regression analyses (n = 120152). working age and after retirement. Higher SES can reduce poverty, economic anxiety, and depression, thereby leading to increases in happiness. Many previous studies have focused on income, education level, and occupation as SES indicators [1] [2] [3] [4] . However, pension types may be more indicative of long-term SES as they can reflect a person's job history over their life course. We controlled for equivalent income and wealth as indicators of SES in older adults in Model 2, and also controlled for GDS to indicate working-age SES in Model 3. We had postulated that the associations between pension types and happiness would be completely diminished after adjusting for SES due to the close relationship between pension types and SES. Contrary to our expectations, the associations remained significant (albeit slightly weakened) even after adjusting for SES. Although pension types also reflect SES, they are not simple proxies of conventional SES indicators. In this study, the pension types were found to be stand-alone indicators of happiness. Pension types may be associated with happiness independently of conventional SES indicators because pension benefits can function as insurance for reducing old-age economic risks and associated anxiety.
Many older people have limited income and experience poverty caused by disease or unemployment. Due to the uncertainties of life expectancy, the use of personal savings for living Are pension types associated with happiness in Japanese older people?
expenses at an older age is accompanied by the risk of prematurely exhausting all available funds. As a result, these individuals are susceptible to stress and anxiety after retirement. On the other hand, pensions provide a fixed income to older pensioners until death. In Japan, pension benefits account for approximately 70% of all income for older people, and there are wide gaps in pension benefits among the different pension types. Therefore, the amount of pension benefits can be a major contributing factor to economic anxiety in older adults. It has been reported that low income was associated with depressive symptoms [38] , and that depressive symptoms were associated with low happiness [17, 18, [39] [40] [41] [42] . Furthermore, pension types reflect about 70% of income levels in older Japanese. Pension coverage have been shown to reduce geriatric depression [43] . Those findings suggest that the association between higher pension benefits and happiness may be due to the reduction of poverty, economic anxiety, and especially depressive symptoms. In our analysis, this association weakened substantially after further adjusting for GDS, which may have been influenced by the relationship between pension types and depressive symptoms.
Limitations
This study has several limitations that should be acknowledged. First, this analysis adopted a cross-sectional design, and causal relationships between pension types and happiness could not be determined. However, happiness is unlikely to affect pension types, whereas pension types may influence happiness. We plan to employ a cohort study approach (using the 2013-2016/2017 JAGES data) to explore such potential causality. Second, the happiness measure was based on a single item and was self-reported. Nevertheless, this measure has been commonly used in previous studies and has shown to be moderately reliable [25] [26] [27] . More objective and multiple-item measures of happiness should be considered for further studies. Third, pension benefits were also considered to be associated with use of services such as health services, social support, housing, and the bus or train. Future analyses should include these factors.
Finally, our survey sample included older Japanese participants who had not been certified as needing long-term care services, so assuming that the happiness of those requiring longterm care services is lower (due to poorer health), happiness may be overrated in our analysis, and our findings may therefore have limited generalizability to Japanese older people with more severe conditions.
Conclusions
In summary, we performed Poisson regression analyses using JAGES data to calculate PRs of happiness after controlling for various covariates. The association between pension types and happiness weakened slightly after controlling for SES, but remained significant. In addition to SES, pension types should also be considered when assessing the determinants of happiness in older adults.
